Oxidative stress and inflammation are two well-recognized events occurring in normal cells during cancer chemotherapy. Several antioxidant and anti-inflammatory agents have therefore been tried as rational and effective strategies for chemoprotection. Elaborate studies on antioxidants and anti-inflammatory agents in various experimental models of cancer revealed that these agents act by modulating the expression and/or activity of transcription factors nuclear factor erythroid 2-related factor 2 (Nrf2) and nuclear factor-kappa B (NF-κB). Nrf2 is considered main sentinel of antioxidant defence as it induces many antioxidant and phase 2 enzymes in response to stressful conditions. Likewise NF-κB is considered as denominator of chronic and acute inflammatory processes. In the recent years, it was found that a large pool of chemopreventive and chemoprotective agents that restrain NF-κB inflammatory cascade also activates Nrf2 signaling. Diabetes and complications thereof are also conditions of amplified oxidative stress and inflammation in various targets organs like retina, kidneys, nerves and vasculature. Here we propose that Nrf2 and NF-κB are involved in the etiopathogenesis of diabetes and thus form attractive therapeutic targets. Elucidation of potential involvement of Nrf2 and NF-κB pathways that are operative during multi-organ injury in diabetes may provide basis for development of novel therapies.
Introduction
Cancer chemoprevention is defined as a pharmacological approach to prevent or repress the process of carcinogenesis and chemoprotection is a term given to the therapeutic strategy to prevent the damage caused to the normal non-cancerous cell by cancer chemotherapeutic agents. Structurally and mechanistically different categories of natural and synthetic compounds have demonstrated cancer chemoprevention and protection by diminishing activation of carcinogens by metabolism and/or detoxifying the reactive electrophiles generated by carcinogens. Increased expression of various antioxidant and phase 2 detoxifying enzymes via Nrf2-ARE activation has been identified as one of the probable mechanism through which these agents exert their chemopreventive or chemoprotective actions [1] . Nrf2 is activated by stress caused by reactive species and leads to induction of a number of antioxidant enzymes (hemeoxygenase, HO-1; glutamylcysteine synthetase, γ-GCS; glutathione peroxidise; glutathione reductase, and thioredoxin reductase 1) and phase II detoxifying enzymes (NAD(P)H:quinone oxidoreductase 1, NQO1; epoxide hydrolase; glutathione S-transferases; UDP-glucuronyltransferases) [2; 3; 4; 5] . Another factor that forms a major mechanism of chemoprevention and chemoprotection is inhibition of NF-κB cascade and downstream signalling. NF-κB is a pleiotropic factor from Rel family of transcription factors, which comprises of five distinct members: RelA (p65), RelB, c-Rel, p50/p105, and p52/p100. Once activated by a stimulus NF-κB binds to its target genes advancing towards transcription of diverse group of enzymes including inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) and pro-inflammatory cytokines (Tumor necrosis factor-alpha TNF-α and Interleukines, IL) [6; 7; 8] . NF-κB has been found to be upregulated in normal cells during the process of carcinogenesis or during cancer chemotherapy. Thus, NF-κB inhibition surfaced as a lucrative target for cancer chemoprevention and protection.
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Although entirely different in etiogenesis and progression, diabetes is related to cancer in two prospects-having oxidative stress and inflammation associated with its pathophysiology.
Many of the critical pathways of pathophysiology of diabetic complications namely polyol pathway, advanced glycated end products (AGE) formation, protein kinase C (PKC) activation, hexosamine pathways, PARP overactivation, mitogen activated protein kinase activation, etc. have oxidative stress as common feature. As mentioned above Nrf2 is a key transcription factor involved in combating oxidative stress. Apart from its protective role in cancer, it has also been postulated to be a significant defending factor in diabetes and its complications [9; 10] . In some recent findings it was established that Nrf2 is crucial in the modulation of insulin resistance and diabetes [11; 12; 13] .
Diabetes has been known for decades to trigger chronic inflammation as ample evidence are there in literature to prove that inflammation is an important pathogenic mechanism in the development of diabetic complications [14] . Elevated CRP (C-reactive protein, an inflammatory biomarker) levels significantly predicted the risk of developing type 2 diabetes, and this risk was independent of other factors [15] . NF-κB signaling cascade constitutes an attractive target for anti-inflammatory therapeutic interventions. There are upcoming evidences to support the role of NF-κB inflammatory cascade in the diabetogenesis and in the aetiology of various diabetic complications [16; 17] . The critical role of NF-κB activation in pathophysiology of diabetic complications and the merit of inhibiting NF-κB in correcting diabetic abnormalities indicate that targeting NF-κB is a desired therapeutic strategy for the treatment of diabetic complications.
In the present review, we put forward scheme that since oxidative stress and inflammation play a pivotal role in the development and progression of diabetic complications, Nrf2 and NF-κB are major players here too (Fig 1) . Furthermore, we suggest that Nrf2 activation/overexpression and NF-κB inhibition may provide an attractive drug target for development of therapeutic interventions for diabetes related complications.
Nrf2: Protection against oxidative stress in cancer and diabetes
A fairly large number of antioxidants and phase 2 detoxifying enzymes that form a line of resistance against toxic chemicals like chemotherapeutic agents, are transcriptionaly regulated through a cis-acting DNA regulatory element termed antioxidant response element.
Numerous studies have demonstrated that many of the chemopreventive agents act through Nrf2 system to augment ARE-driven gene expression [18; 19] .
Nrf-2 is a member of cap 'n' collar basic region leucine zipper (CNC-bZIP) family of transcription factors [20] . Of many transcription factors activating ARE, Nrf2 has been recognized as the key signaling system leading to ARE mediated transcription. As other transcription factors, in physiological conditions Nrf2 is under negative regulation in the cytoplasm. Kelch-like ECH-associated protein (Keap1) has been identified as the negative regulator of Nrf2. Exposure of cells to reactive electrophiles results in the covalent modification of cysteine thiol groups on Keap1 resulting in a conformational change in Keap1 structure. This event result in the release of free Nrf2 which consequently translocates to the nucleus to interact with ARE to turn on the transcription of genes for antioxidant and detoxification enzymes [21; 22; 23] .
Extensive research in the field of cancer biology and pathomechanisms has led to many innovative strategies for cancer treatment. Rapid inactivation and elimination of carcinogens or enhanced cellular antioxidant defence against reactive species generated from these agents have been identified as rational approaches for chemoprotection. Many phytochemicals have been long known for their phase 2 detoxifying enzyme inducing activity and interestingly many of these have been identified to enhance ARE driven gene transcription through 5 transcription factor Nrf2. Oltipraz, a synthetic analog of dithiolethiones isolated from cruciferous vegetables, has emerged as a prototypical cancer chemopreventive agent [24] . It has been found to be a potential agent in preventing carcinogen-induced tumorigenesis in various experimental models [25] . Oltipraz has completed a few clinical trials on cancer chemoprevention against the carcinogenic metabolites of aflatoxin [26] and is currently being tried for safety and efficacy with other types of carcinogens. Besides oltipraz a number of natural agents and their synthetic derivatives which are currently being tried in cancer have been elucidated to activate Nrf2 signaling. Examples include curcumin (a traditional spice), epigallocatechin-3-gallate (polyphenols extracted from green tea), sulforaphane (isothiocyanate constituent of crucifers), resveratrol (polyphenol in grapes and wine), allyl sulfides (organosulphur content of garlic oil), xanthohumol (sesquiterpene derived from hops), cafestol (coffee derived diterpene), lycopene (an antioxidant in tomato), carnosol (orthophenolic diterpene in rosemary), zerumbone (sesquiterpene in ginger), chalcones (α, β unsaturated flavanoids), vanilloids (pungent ingredients of capsicum and ginger) etc [27] .
Apart from studies with the above agents in cancer, Nrf2 knockout animals provide a direct evidence of Nrf2-mediated protection against cancer. Nrf2 knockout mice display an increased vulnerability to chemical carcinogenesis and as well as reduced induction of phase 2 enzymes in response to Nrf2 activating chemoprotective agents [28; 29] . Thus, discovery of Nrf2 as a curator of antioxidant and detoxification enzymes levels has created a new podium for the design and development of a novel category of therapeutic chemopreventive intervention.
Similar to cancer, in diabetes also a general consent on its pathophysiology has evolved with increased oxidative and inflammatory stress forming the core. The onus now is to delineate the precise factors and pathways responsible for the generation of oxidative damage, as well as the inflammation in diabetes. Nrf2 is considered as the axis of defence against oxidative stress, reported the reversal of various dysfunctions in human microvascular HMEC-1 endothelial cells under high glucose conditions by sulforaphane which implies that Nrf2 activation could be adopted as a strategy to reverse the development of macro-and microvascular complication of diabetes [12] . Ebselen a glutathione peroxidase mimetic and a cancer chemoprotectant prevented vascular dysfunction and apoptosis in animal model of type 2 diabetes by increasing HO-1 expression (an antioxidant enzyme regulated by Nrf2) [31] . A series of experiments with Nrf2 knock out animals also favour the involvement of Nrf2 in diabetic condition. In a study by Aleksunes et al. in 2010, it was observed that Nrf2 knock out diabetic animals had higher blood glucose levels than wild-type diabetic animals and oltipraz was found effective in lowering blood glucose in wild-type diabetic but not in Nrf2 deleted diabetic animals [32] .
Similarly knock out models provide a clue on various other complications as well like diabetic cardiomyopathy, nephropathy and neuropathy [33] . Since background literature support the protective role of Nrf2 in animal models of diabetes and its complications, exploiting this pathway by various activators may pave a way to the management of diabetes related complications.
NF-κB: Initiator and propagator of inflammation in cancer and diabetes
NF-κB is one of the best-characterized transcription factors expressed ubiquitously. Its deregulation has been associated with many disease conditions like cancer, diabetes, AIDS, atherosclerosis, asthma, arthritis, inflammatory bowel disease, muscular dystrophy, stroke and viral infections. It regulates the expression of many proteins in normal and cancer cells and provides a connecting bridge between inflammation and cancer. After nearly two decades of intense research, it is now clear that NF-κB represents a realistic molecular target for the development of effective cancer therapies [34] .
In normal condition, NF-κB is sequestered within the cytosol by an inhibitory protein (i.e., IκB; inhibitor of NF-κB) that masks the nuclear localization signal present within the NF-κB protein and keeps it in inactive form. TNF-α and IL-1, or bacterial products such as lipopolysaccharide (LPS), can activate the specific IκB kinase (IKK) complex that in turn phosphorylates IκB. The phosphorylated IκB is tagged by ligases and ubiquitinated which is a signal for its degradation by the proteasome [35; 36] . The degradation of IκB frees p65/p50 dimer which can translocate into the nucleus where it can act as a transcription factor and can turn on the transcription of various genes for proinflammatory mediators and inducible enzymes [37] .
NF-κB overactivation acts as a savior for many of tumor types by executing its antiapoptotic effect in the tumor cells. Deregulated NF-κB activation is a hallmark of several lymphoid malignancies and other cancer types [38; 39; 40] . This dysregulation causes an increase in the levels of proteins responsible for angiogenesis and proliferation, protection from radiation and chemotherapy induced apoptosis and helping tumor cells to develop resistance to therapies used. There are ample preclinical and clinical reports which points towards the notion that inhibiting NF-κB can aid to the existing therapies or the methods that are being used to provide long term remission. NF-κB inhibitors like BAY 11-7082, MG-132, theoflavins, PS-341 and curcumin have showed beneficial effect against various in vitro 8 models of cancers. MG-132 an inhibitor of NF-κB proteasomal degradation inhibited the proliferation and angiogenesis in breast cancer cells in in vitro experimentation and hence can be a good futuristic option for treating breast cancers [41] . Besides having direct effect on cancer cells, NF-κB also forms an excellent target for cancer chemoprevention. Similar to their influence on Nrf2, large number of chemoprotective agents can regulate the altered level and activity NF-κB. Pyrrolidine dithiocarbamate, an inhibitor of NF-κB, protected testis against the damage caused by cisplatin [42] . Agents which are known Nrf2 activators have also been demonstrated to possess NF-κB inhibitory activity thus affording dual protection from chemotherapy-induced damage to various target organs. Examples include resveratrol, curcumin, epigallocatechin gallate and silymarin [43] .
There are upcoming evidences to support the role of NF-κB inflammatory cascade in the diabetogenesis and in the etiology of various diabetic complications [16; 17] . Inhibition of IκB kinase 2 using AS602868, alleviated nitric oxide-dependent diabetic erectile dysfunction which suggests that NF-κB activation is an important contributor to development of diabetic cavernosum nitrergic neuropathy and vasculopathy [44] . NF-κB has been identified as a key feature in the pathogenesis of diabetic neuropathy [45] . Activation of NF-κB in ex vivo isolated peripheral blood mononuclear cells of patients with diabetes mellitus was correlated with severity of diabetic nephropathy. In a clinical study, NF-κB signaling cascades and downstream effectors were found overtly active in kidneys of diabetic subject [46] . NF-κB also contributes toward interstitial inflammation and tubular interstitial fibrosis in the rat obstructive nephropathy which points towards possible role of NF-κB inflammatory cascade in nephropathy [47] . NF-κB has also been known to contribute towards pathophysiology of diabetic retinopathy where it serves to regulate the expression of angiogenic factors [48] .
However, before forming any conclusion on the role of NF-κB in diabetogenesis and diabetic complication, further experimesntal and clinical investigations about the precise role of NF-κB in pancreatic β cells and all cell types affected by hyperglycemia are required.
The other side of the coin
With the growing interest and research on Nrf2 and NF-κB, interestingly latest reports have exposed the other side of the coin. Nrf2 is not only involved in conferring protection to normal cells from oxidative stress and putting a check on their cancer transformation, but also imparts resistance to the cancerous cells to chemo-or radiotherapy. Few reports have also speculated that Nrf2 plays a role of promoter in carcinogenesis [50; 51] . Some cancer cells or tumors have been found to under express Keap1 (negative regulator of Nrf2) or have mutation or alterations in Keap1 [52] . In atherosclerosis also, it was found that Nrf2 knockout leads to atherosclerotic progression [53] . In diabetes such direct evidences are not yet available but considering the reports from other pathophysiological conditions, a concrete conclusion cannot be derived that Nrf2 activation will produce only the desired beneficial effects and will not aggravate the pathological state. Likewise, NF-κB is involved in the regulation of a broad range of biological processes in immune system such as inflammatory response, apoptosis and in central nervous system such as synaptic plasticity, neurogenesis, and differentiation [54; 55] . NF-κB represents an extremely attractive target for designing therapeutic interventions, but it remains a challenging task for drug discovery people to design inhibitors that block NF-κB in a given setting, while sparing the physiological function in other context so that the balanced NF-κB activation/activity is maintained between immune homeostasis and regulation of appropriate anti-inflammatory response. It appears that the black and white concept of NF-κB and Nrf2 just represents the one eyed view of both the factors. Comprehensive knowledge on triggering stimuli, physiological role, signaling network and downstream targets of NF-κB and Nrf2 can lead to a better perception on their double edged sword character.
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